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Chapter 1
FAA Office of Commercial Space Transportation Purpose and Need

Chapter 1.
Purpose and Need

1.1 Introduction

The Federal Aviation Administration (FAA) is currently evaluating a proposal by Virgin Orbit, LLC (VO) to
conduct launches using its 747 carrier aircraft and LauncherOne rocket from Andersen Air Force Base
(AFB), Guam over the Pacific Ocean east of Guam for the purposes of transporting small satellites into a
variety of low-Earth orbits (LEOs). As authorized by Chapter 509 of Title 51 of the United States (U.S.)
Code (*{/01 (KS C1 1 J& (i2 6205NaSS 1yR 0221RIy1-0S (KS 02yRuct of commercial launch and reentry
operations, issue permits and commercial licenses and transfer commercial licenses authorizing those
operations, and protect the public health and safety, safety of property, and national security and
foreign policy interests of the United States; and to facilitate the strengthening and expansion of the
United States space transportation infrastructure, including the enhancement of United States launch
sites and launch-site support facilities, and development of reentry sites, with Government, State, and
private sector involvement, to support the full range of United States space-liStI-iSR I-001gii1Sa€ opm 1 {/ 7
50901(b)).

To operate LauncherOne from Andersen AFB, VO must obtain a launch license from the FAA Office of
Commercial Space Transportation. Issuing launch licenses is considered a major federal action subject to
environmental review under the National Environmental Policy Act (NEPA), as amended (42 USC 4321 et
seq.). The FAA is the lead federal agency and is preparing this Environmental Assessment (EA) in
accordance with NEPA, Council on Environmental Quality (CEQ) Regulations for Implementing the
Procedural Provisions of NEPA (40 Code of Federal Regulations [CFR] Parts 1500-1508), and FAA Order
1050.1F, Environmental Impacts: Policies and Procedures. This EA evaluates the potential environmental
impacts of activities associated with the Proposed Action of issuing a launch license to VO at Andersen
AFB (see Section 2.1 for more details). The completion of the environmental review process does not
guarantee that the FAA will issue a launch license to VO for LauncherOne operations from Andersen
AFB. VO license application must also meet FAA safety, risk, and financial responsibility requirements
(14 CFR Part 400).

1.2 Federal Agency Roles
1.2.1 FAA Office of Commercial Space Transportation

As the lead federal agency, the FAA is responsible for analyzing the potential environmental impacts of
the Proposed Action. As authorized by Chapter 509 of Title 51 of the USC, the FAA licenses and regulates
U.S. commercial space launch and reentry activity, as well as the operation of non-federal launch and
reentry sites. The mission of the Office of Commercial Space Transportation is to ensure protection of
the public, property, and the national security and foreign policy interests of the U.S. during commercial
launch or reentry activities, and to encourage, facilitate, and promote U.S. commercial space
transportation.

1.2.2 Cooperating Agencies

The 36th Wing, Andersen AFB will participate in the EA process as a cooperating agency due to its
jurisdiction by law and special expertise.® Under the proposed action, VO would perform integration,

@A cooperating agency is any federal agency other than the lead agency which has jurisdiction by law or special
expertise regarding any environmental impact involved in a proposal or reasonable alternative (40 CFR Part 1508.5).

Draft EA for Issuing a Launch Operator License to Virgin 11 October 2020
Orbit for LauncherOne Operations from Andersen AFB
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Figure 2.1-1. Regional Location of Guam

Draft EA for Issuing a Launch Operator License to Virgin 22 October 2020
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FAA Office of Commercial Space Transportation Description of the Proposed Action and Alternatives

2.1.2  Launch System

2.1.2.1 Carrier Aircraft

The carrier aircraft, a Boeing Tninanl 1 I F2dzi-Sy3tyS! &1RS102Re @SKIOS! aY Il to other Boeing 747
aircraft that have been extensively used in commercial passenger and cargo transport for the last few
decades (Figure 2.1-30 ¢KS TnTanan K14 |- y2yral2L) l-y3S 27 2050 yinpp Yiles at almost maximum
payload weight. The aircraft itself has the capability to carry over 100 metric tons (MT) of internal
payload. To facilitate LauncherOne operations, the port wing of the carrier aircraft has been modified to
carry both the rocket and a removable adapter, which houses the structural release mechanism, and
quick release electrical and pneumatic connections to the carrier aircraft. The carrier aircraft provides
electrical power, purge gasses, and monitoring and control of the rocket by a launch engineer onboard
the carrier aircraft. For a round trip flight from the Andersen AFB to the LauncherOne drop point, the
carrier aircraft would use approximately 83,775 pounds (Ib) of Jet-A fuel.

Figure 2.1-3. Carrier Aircraft with LauncherOne Attached
2.1.2.2 Launch Vehicle: LauncherOne Rocket
¢KS [Idzy0KSiihyS 1 Iy SELISYRI-66ST Mimfl-dzyOKSR (ig2naiil1-3S 120150 613608 H.1-4) that is designed to carry
small satellites (approximately 661¢1,102 Ib of payload) into a variety of LEOs. The rocket is a liquid
oxygen (LOX)/rocket propellant 1 (RP-1) (kerosene) system comprised of a first stage with 29,215 pound

mass (Ibm) of LOX and 13,279 Ibm of RP-1, and second stage with 3,642 Ibm of LOX and 1,683 lbm of
RP-1. The thrust of the first stage is 69,298 ft Ib.

Draft EA for Issuing a Launch Operator License to Virgin 9.4 October 2020
Orbit for LauncherOne Operations from Andersen AFB
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Chapter 2
FAA Office of Commercial Space Transportation Description of the Proposed Action and Alternatives

As part of the licensing process, VO has entered into a Letter of Agreement (LOA) with Guam Center
Radar Approach Control (CERAP), Oakland ARTCC, Air Traffic Control System Command Center (ATCSCC)
Space Operations, and Andersen AFB 36™" Operations Group to accommodate the flight parameters of
LauncherOne (Guam CERAP et al. 2019). The LOA defines responsibilities and procedures applicable to
operations, including the technical procedures to follow when issuing a NOTAM defining the affected
airspace prior to launch. The Proposed Action would not require the FAA to alter the dimensions (shape
and altitude) of the airspace. However, temporary closures of existing airspace may be necessary to
ensure public safety during the proposed operations.

For all missions, the FAA and the operators take steps to reduce the airspace closure durations as a
successful mission unfolds. First, the launch operator plans to conduct its rocket release for an air
launched system at the beginning of its launch window. While it may request a window that spans hours
in order to have more opportunity to work around weather or technical issues, the operator makes
every effort to launch as soon as it is ready in the launch window. While percentages are not readily
available, far more launches occur at or near the launch window opening than the closing. Further, as
the launch unfolds successfully, the FAA incrementally releases airspace as it is no longer affected. For
example, the airspace nearest the rocket release point for an air launched system can generally be
released within 3 to 5 minutes of release as the rocket successfully progresses along its trajectory. In
practice, the FAA attempts to divide airspace closures into subsets that can be released incrementally in
time, as well as geographically based on airspace boundaries. In doing so, the actual closure times are
often significantly smaller than projected maximum values defined in a given NOTAM.

VO has entered into an LOA with the USCG District 14 in order to safely operate the LauncherOne over
open ocean. The LOA describes the required responsibilities and procedures for both VO and USCG
during a launch operation. USCG will be responsible for issuing NOTMARSs for the downrange hazard
area south of Guam. USCG will also coordinate issuing NOTMARs with the NGA for stage 1 and fairing
splashdown hazard areas in international waters. VO will provide these hazard area locations prior to
launch of the rocket.

Advance notice via NOTAMs and NOTMARs would assist general aviation pilots and mariners in
scheduling around any temporary disruption of flight or shipping activities in the area of operation.
Launches would be infrequent (up to 10 per year in any one year), of short duration, and scheduled in
advance to minimize interruption to airspace and waterways.

For the above reasons, environmental impacts of the temporary closures of airspace and the issuance of
NOTAMS and NOTMARs under the Proposed Action are not anticipated and thus are not addressed
further in the EA.

2.1.3.2 Launch and Mission Profile

+h0a LII2LI24SR carrier aircraft flight corridors from Andersen AFB to and from the drop point are shown
in Figure 2.1-5. The flight corridors would occur within the U.S. Exclusive Economic Zone (EEZ) around
Guam. ¢KS K2Rly3 LI-iiSiya 621 wl-0S001-0120 14 iKS Ru2L L2ty MIS IFLILN2ENY 1868 Han YIS 1i2dzyRe ¢KS
exact drop point would be established based on mission-specific needs, communication line of sight
(trajectory of the vehicle relative to the location of the ground-based telemetry station), and to avoid
sonic boom impacts to land.

Draft EA for Issuing a Launch Operator License to Virgin 26 October 2020
Orbit for LauncherOne Operations from Andersen AFB
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The carrier aircraft with the mated LauncherOne rocket would take off from Runway 24R at Andersen
AFB and fly south to the designated drop point approximately 75 nautical miles (nm) south-southwest of
Guam. The proposed mission profile is depicted in Figure 2.1-6. Figure 2.1-7 depicts the flight trajectory
of the LauncherOne rocket from the drop point to the release of satellites and fairing re-entry.

LauncherOne would be carried to an altitude of
approximately 35,000¢40,000 ft MSL where it would be
released. The carrier aircraft would then immediately pull
away and return to Runway 6L at Andersen AFB. With a
drop flight path angle of approximately 28 degrees and
an angle of attack of approximately 5 degrees, the rocket
would maintain the flight angle required for vehicle
safety through the 5-second drop, prior to ignition of the
12015004 TIWad adl-3S (Figure 2.1-6). The 5 seconds of Release of LauncherOne from the Carrier Aircraft
separation is enough for the aircraft to move far enough

away that if rocket ignition caused an explosion, debris and/or a pressure wave would not impact or
cause damage to the carrier aircraft.

The drop point includes a 10-nm radius Aircraft Hazard Area (AHA) where no other aircraft can be
present prior to the drop of the LauncherOne rocket (Figure 2.1-5). In addition, mission-specific AHAs
would be defined for the rocket trajectory and associated hardware jettisons

(Figure 2.1-7). Details of the mission specific AHAs would be defined in the

NOTAMs.

c2tt2gly3 13ylii2y 27 (KS 112015003 b ai1-3St kS 12015i g2dtR 6S I dzLISIE2yi0

speed (in excess of 768 miles per hour [mph]), and the engine would burn until

all of the propellant is consumed. At approximately 650 nm downrange from

(KS RU2L) L2y GKS 1201 Sikoa & ai1-3S @20R RSUIFOK 1-yR TIHE lyh2 (KS t1-0110

Ocean within a defined AHA (Figures 2.1-6 and 2.1-7). First and Second Stage

VEiSU NSESI-ES 27 (KS Tiad ad1-3ST (kS 12015008 aS02yR 4138 g26(R 13yite until Separation
reaching its desired LEO (Figure 2.1-6). At approximately 700 nm downrange

of the drop point, the shroud or fairings covering the satellites would be

released and would fall into the Pacific Ocean within a defined AHA (Figures

2.1-6 and 2.1-7). Upon reaching the desired LEO, the second stage rocket

would coast while releasing the small satellites at predetermined LEO heights

I-yR iKSy NSUIAYAS hia Syalys 621 6f26mR24y™) until all of the propellants are

consumed, per FAA regulations (14 CFR §417.129) (Figure 2.1-6). The second

stage would remain in orbit for months or years, eventually burning up upon

reentry. Payload Fairing Separation

() To deplete onboard energy sources after completion of mission.

Draft EA for Issuing a Launch Operator License to Virgin 2.8 October 2020
Orbit for LauncherOne Operations from Andersen AFB
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Legend

Captive Carry Flight Path (747 Aircraft)
LauncherOne Flight Trajectory

I_ "1 Aircraft Hazard Area (AHA) A
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g N © 50 100 Nautical Miles

—-— US EEZ Boundary

EAVOGu08998v04
Figure 2.1-7. LauncherOne Flight Trajectory Including Drop Point, Downrange AHA, and Stage 1 and
Fairings Re-entry AHA

Draft EA for Issuing a Launch Operator License to Virgin 210 October 2020
Orbit for LauncherOne Operations from Andersen AFB
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Chapter 3
FAA Office of Commercial Space Transportation Affected Environment & Environmental Consequences

place. The Guam Coastal Management Program was established in 1979 through a Cooperative
Agreement between the National Oceanic and Atmospheric Administration (NOAA) and the
Bureau of Planning Office of the Governor. TKS LII230I-Y0d 1-4ziK2)iiiSa are provided for in the
CZMA, as well as by the regulatory and enforcement authorities of a network of local agencies,
including the Department of Land Management, Public Works, Parks and Recreation,
Agriculture, and Guam Environmental Protection Agency (JRM 2019). Under the Proposed
Action, carrier aircraft takeoffs and landings would occur on an existing runway at Andersen AFB
and LauncherOne operations would occur over the open ocean at an altitude >35,000 ft MSL.
These operations would take place well away from coastal resources on Guam. Therefore,
implementation of the Proposed Action would not result in any impacts to the coastal zone or
coastal resources. Prior to the FAA issuing VO a license, in compliance with the CZMA and its
implementing regulations as well as FAA policy, VO must submit a consistency certification to
thS Dazl-Y0a /2141 aly1-aSY Syt ti2301-Y 6/ ati (2 SyadiS (KS LS00 1a 02yalaiSyl ahik
Dazl-Y'0d /ato

e land Use: The Proposed Action would not result in any new types of ground operations and
would not change the existing or planned land use of Andersen AFB. Carrier aircraft operations
would take off from an existing runway at Andersen AFB and would conform to the designated
land uses. As mentioned previously, Andersen AFB currently supports existing aircraft
operations, including B-747 aircraft, which is the same as the carrier aircraft.

e Farmlands: The Proposed Action does not involve construction activities and therefore will not
impact farmlands, as defined by the Farmland Protection Policy Act.

o Natural Resources and Energy Supply: The Proposed Action would not result in any measurable
effect on local supplies of energy or natural resources. The Proposed Action would not result in
the development of new facilities or result in notable changes in local energy demands or
consumption of other natural resources. The Proposed Action would not require additional
sources of power or other public utilities.

e Socioeconomics, Environmental Justice, and Children’s Environmental Health and Safety Risks:
The Proposed Action would not require construction or development. Further, only existing VO
personnel would be used to conduct launch activities and therefore would not induce
population growth or affect the number of jobs at Andersen AFB or in the nearby communities.
Proposed carrier aircraft takeoffs and landings would constitute approximately 0.04% of the
daily operations at Andersen AFB over a 12-month period and would be similar to existing
operations. There would be no impacts that disproportionately affect environmental justice
populations. Additionally, no component of the Proposed Action would resultin a
disproportionate health and safety risk to children. Therefore, implementation of the Proposed
Action would not result in significant impacts related to socioeconomics, environmental justice,
21 OKHRUSYIa SyBli2yY Sylil€ health and safety risks.

3.2 No Action Alternative

Under the No Action Alternative, the FAA would not issue a launch license to VO for carrier aircraft
operations from Andersen AFB. Therefore, VO would not conduct 747 carrier aircraft operations from
Andersen AFB and LauncherOne rocket operations over the Pacific Ocean east of Guam. Under the No
Action Alternative, there would be no new impacts to the environmental impact categories analyzed in
this EA.

Draft EA for Issuing a Launch Operator License to Virgin 32 October 2020
Orbit for LauncherOne Operations from Andersen AFB
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Chapter 3
FAA Office of Commercial Space Transportation Affected Environment & Environmental Consequences

3.3 Air Quality
3.3.1 Definition of Resource and Regulatory Setting

Air quality is the measure of the condition of the air expressed in terms of ambient pollutant
concentrations and their temporal and spatial distribution. Air quality regulations in the United States
are based on concerns that high concentrations of air pollutants can harm human health, especially for
children, the elderly, and people with compromised health conditions; as well as adversely affect public
welfare by damage to crops, vegetation, buildings, and other property.

3.3.1.1 National Ambient Air Quality Standards (NAAQS)

Under the Clean Air Act (CAA), the U.S. Environmental Protection Agency (USEPA) developed the NAAQS
for seven common air pollutants: carbon monoxide (CO), nitrogen dioxide (NO2), ozone (Os), particulate
matter <10 micrometers in diameter and >2.5 micrometers in diameter (PMio), particulate matter <2.5
micrometers in diameter (PMz5s), sulfur dioxide (SO.), and lead (Pb) (USEPA 2016a). The USEPA
determined that these criteria air pollutants may harm human health and the environment, and cause
property damage. The USEPA regulates these pollutants to permissible levels through human health-
based (primary standards) and environmental-based (secondary standards) criteria. Toxic air pollutants,
also called hazardous air pollutants, are a class of pollutants that do not have ambient air quality
standards but are examined on an individual basis when there is a source of these pollutants. Additional
information on the CAA and the NAAQS can be found in the FAA Order 1050.1F Desk Reference (FAA
2020).

3.3.1.2 Conformity Analyses in Nonattainment and Maintenance Areas

Areas that exceed a NAAQS &ll-yRIMIR NS RS&13yI-ISR 14 ay2ylHill-yY Sylié 120 (KI-i Li2tthzil-yi SKIES HISI-4
Iy 02YLIfH-y0S ik I- &ll-yRIAR IS hy al-dil-yY Sylie 721 iK1 Li2ttizil-ye 1y HISI- Y'I-8 6S y2yTHilyY Snt for
some pollutants and attainment for others simultaneously. The USEPA delegates the regulation of air
quality to states and U.S. territories, through their air quality management agencies, and are required to
prepare and implement a State Implementation Plan (SIP) for nonattainment areas, which demonstrate
how the area will meet the NAAQS. Areas that have achieved attainment may be designated as

aY HyuSy1y0S iS¢ 4026250 (2 Y HyuSy1-y0S Lifl-ya d&K2aly3 K2 (KS HISI- gift 02yaly@sS (2 Y'SSi the
NAAQS.

Federal actions are required to conform with the approved SIP for those areas of the U.S. designated as
nonattainment or maintenance air quality areas for any criteria pollutant under the CAA (40 CFR 8§88 51
and 93). This is also known as the General Conformity Rule. The purpose of the General Conformity Rule
is to demonstrate that the Proposed Action would not cause or contribute to new violations of an air
quality standard and that the Proposed Action would not adversely affect the attainment and
maintenance of the NAAQS. A federal action would not conform if it increased the severity of any
existing violations of an air quality standard or delayed the attainment of a standard, required interim
emissions reductions, or delayed any other air quality milestone. To ensure that federal activities do not
impede local efforts to control air pollution, Section 176(c) of the CAA (42 USC § 7506(c)) prohibits
federal agencies from engaging in or approving actions that do not conform to an approved SIP. The
emissions thresholds that trigger the conformity requirements are called de minimis thresholds.

Federal agency compliance with the General Conformity Rule can be demonstrated in several ways. The
requirement can be satisfied by a determination that the Proposed Action is not subject to the General
Conformity Rule, by a Record of Non-Applicability, or by a Conformity Determination. Compliance is

Draft EA for Issuing a Launch Operator License to Virgin 33 October 2020
Orbit for LauncherOne Operations from Andersen AFB
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Chapter 3
Affected Environment & Environmental Consequences

Table 3.3-1. Criteria and Precursor Air Pollutant Emissions for LTO Cycle under the Proposed Action

Criteria and Precursor Air Pollutant Emissions (tons/year)
Emission Source CO NOy VOCs SO« PM
Carrier Aircraft LTOs (tons per LTO) 0.009 0.043 0.001 0.001 <0.001
Annual Carrier Aircraft LTOs 0.089 0.43 0.01 0.01 <0.01
de Minimis Levels 100 100 100 100 100

Notes: NOy = nitrogen oxides, VOC = volatile organic compounds, SOy = sulfide oxides.

Sources: USEPA 1999; USAF 2002; International Civil Aviation Organization 2019.

The USEPA has listed 188 hazardous air pollutants regulated under Title Il (Hazardous Air Pollutants),
Section 112(g) of the CAA. Hazardous air pollutants are emitted by processes associated with the
Proposed Action, including fuel combustion. The amounts of hazardous air pollutants emitted are small
compared to the emissions of criteria pollutants; emission factors for most hazardous air pollutants
from combustion sources are roughly three or more orders of magnitude lower than emission factors
for criteria pollutants. Hazardous air pollutant emissions estimates were not calculated because of the
small amounts that would be emitted.

Under the Proposed Action, hazardous pollutant emissions would increase, and the increases would be
roughly proportional to the increases observed for the criteria air pollutants emitted. Hazardous air
pollutants emissions would be intermittent and distributed over the Andersen AFB study area. Their
concentrations would be further reduced by atmospheric mixing and other dispersion processes. After
initial mixing, it is possible that hazardous pollutants would be measurable, but they would be in very
low concentrations and would not affect the air quality in the region. Therefore, no significant impacts
to air quality would occur under the Proposed Action.

LauncherOne Rocket Emissions

Rocket activities would occur at altitudes above 35,000 ft AGL, in the atmospheric layer of the
stratosphere. Pollutants that are released in the stratosphere do not mix with ground level emissions
and do not have an effect on ground level concentrations in any local area. Additionally, per FAA-AEE-
00-01 DTS-34, these activities are exempt from analysis for local and regional air quality. Accordingly,
rocket activities would have no impact on regional air quality.

3.4 Climate
3.4.1 Definition of Resource and Regulatory Setting

Climate change is a global phenomenon that can have local impacts. Scientific measurements show that
QIMIiKA ORY 1S 18 S IY Tyl @ik 02y0dziiSya 1Y LI-0Ga hyOftzRly3 GIH0Y S 1 6S Y LISHI-idiISET hyOuSI-4SR aSI-
level rise, increased storm activity, and an increased intensity in precipitation events. Research has
shown there is a direct correlation between fuel combustion and greenhouse gas (GHG) emissions.
GHGs are defined as including carbon dioxide (CO2), methane (CH4), nitrous oxide (N20),
hydrofluorocarbons (HFCs), perfluorocarbons (PFCs), and sulfur hexafluoride (SF6). CO2 is the most
important anthropogenic GHG because it is a long-lived gas that remains in the atmosphere for up to
100 years.

GHGs have varying global warming potential (GWP). The GWP is the potential of a gas or aerosol to trap
heat in the atmosphere; it is a measure of the total energy the emissions of 1 ton of gas will absorb over
a given period of time (usually 100 years), compared to the emissions of 1 ton of CO, (USEPA 2018). The
reference gas for GWP is CO»; therefore, CO, has a GWP of 1. The other main GHGs that have been
attributed to human activity include CH., which has a GWP of 28, and N.O, which has a GWP of 265

Draft EA for Issuing a Launch Operator License to Virgin October 2020
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Chapter 3
FAA Office of Commercial Space Transportation Affected Environment & Environmental Consequences

3.5.3  Existing Conditions

Based on the most current data summarizing flight operations by aircraft type, Andersen AFB supported
approximately 23,691 flights annually, or approximately 65 operations per day in 2013 (PACAF and
AFCEE 2013). Aircraft from both Andersen AFB and the Guam International Airport contribute to aircraft
noise on Guam. The International Airport is operated by the Guam International Airport Authority, and
handles nearly all of the commercial flights into and out of Guam and is the only civilian air
transportation facility on Guam. Andersen AFB is home to the 36th Wing (host unit) as well as to the
624th Regional Support Group, Navy Helicopter Squadron 25, and several other tenant organizations,
and also handles Air Mobility Command Flights for military personnel and their dependents.

The area south and west of Andersen AFB is mostly rural. The most commonly occurring noise sources in
the area include local vehicle traffic and noise associated with activities at Andersen AFB. Community
noise levels in the area are presented in the Andersen AFB AICUZ (PACAF and AFCEE 2013), show noise
contours above 65 dBA extending to the northeast and southwest past the boundaries of AAFB. The
configuration of the contours generally follows that of aircraft takeoff and landing routes. While these
contours represent the 24-hour average sound level a sensitive receptor might encounter, single event
noise levels from aircraft activity are readily audible throughout the surrounding community.

3.5.4 Environmental Consequences

Noise impacts would be significant if the action would increase noise by DNL 1.5 dB or more for a noise-
sensitive area that is exposed to noise at or above the DNL 65 dB noise exposure level, or that will be
exposed at or above the DNL 65 dB level due to a DNL 1.5 dB or greater increase, when compared to the
no action alternative for the same timeframe. For example, an increase from DNL 65.5 dB to 67 dB is
considered a significant impact, as is an increase from DNL 63.5 dB to 65 dB.

¢2 RSISUY RS (KS L20Syll-f OKI1-y3S ty'5b[I (KS 1 10a 1iSI- 9ljdidI-Syl aSiK2R 019a 1a 1zaSRe 19a 1 I-
screening procedure used to simplify the assessment step in determining the need for further analysis.
AEM is a mathematical procedure that provides an estimated noise contour area of a specific airport
given the types of aircraft and the number of operations for each aircraft. The noise contour area is a
measure of the size of the landmass enclosed within a level of noise as produced by a given set of
aircraft operations. The AEM produces noise contour areas (in square miles) for the DNL 65 dBA noise
level and the purpose of AEM is to screen for significant impact within the 65-dBA contour area.
Whether AEM results are significant depends both on the threshold of 17% area increase (an increase of
approximately DNL 1.5 dBA distributed proportionately with no change in contour shape) and the level
of public controversy surrounding the study project.

3.5.4.1 Proposed Action

Carrier Aircraft Operations at Andersen AFB

Based on the most current data summarizing flight operations by aircraft type, Andersen AFB supported
approximately 23,691 flights annually, or approximately 65 operations per day in 2013 (PACAF and
AFCEE 2013). The adjacent community experiences high noise levels from takeoffs and landings of
military jets and helicopters. Portions of the community underlie 24-hour noise contours in excess of 65
dBA DNL.

To determine the potential noise impacts from a maximum of 10 annual carrier aircraft takeoffs and
landings per year, the AEM model was used. As shown in Table 3.5-1, adding 10 take off and landings
per year has the potential to change the 65 dBA DNL by 0.2%. This is below the 17% increase threshold
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3.7.2 Study Area

For the purposes of assessing potential impact to Section 4(f) properties, there are two study areas: (1)
the existing airfield apron, taxiway, and runway areas of Andersen AFB and associated airspace and
noise from carrier aircraft operations; and (2) the Pacific Ocean south and east of Guam under the
LauncherOne trajectory, particularly those areas subject to sonic booms and the area beneath the Drop
Point, Stage 1, and Fairings Re-entry AHAs (Figure 2.1-7).

3.7.3  Existing Conditions
3.7.3.1 Andersen AFB

The Andersen AFB study area includes potential historic properties that are part of the built
environment, which include the airfield proper (e.g., taxiways, runways, aprons) (eligible for its WWII
inception) and MSA-2 (eligible for its Cold War association). There are no other NRHP-listed or -eligible
properties within or in the vicinity of proposed carrier aircraft operations at Andersen AFB (Naval
Facilities Engineering Command Marianas 2015). Refer to Section 3.6, Cultural Resources, for further
details.

3.7.3.2 Pacific Ocean underlying the LauncherOne Trajectory

The only Section 4(f) property that lies within the Pacific Ocean study area is the Marianas Trench
Marine National Monument (MTMNM). Designated in 2009, the MTMNM includes three units:

¢ Islands Unit: the waters and submerged lands of the three northernmost Mariana Islands
(Farallon de Pajaros [also known as Uracus], Maug, and Asuncion).

e Volcanic Unit: the submerged lands within 1 nm of 21 designated volcanic sites located west of
the Mariana Islands.

e Trench Unit: the submerged lands extending from the northern limit of the US EEZ in the CNMI
to the southern limit of the EEZ in the Territory of Guam.

No waters are included in the Volcanic and Trench Units (USFWS 2012). Only the Trench Unit occurs
within the study area and the southern portion underlies the proposed LauncherOne Drop Point and
trajectory (Figure 3.7-1).

Presidential Proclamation 8335 established the monument under the authority of the Antiquities Act of
1906, which protects places of historic or scientific significance. Management responsibility was
assigned to the Secretary of the Interior, in consultation with the Secretary of Commerce. The Interior
Secretary placed the Trench Unit within the National Wildlife Refuge System, and delegated his
management responsibility to the USFWS (President of the United States 2009; USFWS 2012).

3.7.4  Environmental Consequences

Impacts on Section 4(f) properties would be significant if the Proposed Action involves more than a
YIyRY I LIKBaIOI dzaS 27 I- {SOlk2y n6Fo 1Sa2di0S 21 02y/AlhidziSa 1- a02yaiNdz0idS 4S5 61-4SR 2y 1y €11
determination that the project would substantially impair the Section 4(f) resource. The concept of
constructive use is that a project that does not physically use land in a park, for example, may still, by
means of noise, air pollution, water pollution, or other impacts, dissipate its aesthetic value, harm its
wildlife, restrict its access, and take it in every practical sense. Constructive use occurs when the impacts
of a project on a Section 4(f) property are so severe that the activities, features, or attributes that qualify
the property for protection under Section 4(f) are substantially impaired. Substantial impairment occurs
only when the protected activities, features, or attributes of the Section 4(f) property that contribute to
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impact category of water resources. Wild and Scenic Rivers are included because impacts on these rivers
can result from obstructing or altering the free-flowing characteristics of a designated river, an impact
more closely resembling an impact on a water resource. However, there are no designated wild and
scenic rivers on Guam.

The major laws and EOs pertaining to water resources include the Clean Water Act (CWA); EO 11990,
Protection of Wetlands; EO 11988, Floodplain Management; and Safe Drinking Water Act. The CWA
establishes the basic structure for regulating the discharge of pollutants into waters of the United
States, including wetlands. Of note, the National Pollutant Discharge Elimination System (NPDES) is a
federal permit created by the CWA that regulates specific stormwater and other point source pollution
discharges.

EO 11990 requires federal agencies to avoid to the extent possible the long- and short-term adverse
impacts associated with the destruction or modification of wetlands and to avoid direct or indirect
support of new construction in wetlands wherever there is a practicable alternative. Similarly, EO 11988
requires federal agencies to avoid to the extent possible the long- and short-term adverse impacts
associated with the occupancy and modification of 100-year floodplains and to avoid direct or indirect
support of floodplain development wherever there is a practicable alternative.

More information on water resources, including the laws that protect them, can be found in the FAA
Order 1050.1F Desk Reference (FAA 2020).

3.8.2 Study Area

The water resources study areas include the existing airfield apron, taxiway, and runway areas of
Andersen AFB and the ocean area under the Drop Point AHA and Stage 1 AHA where Stage 1 would fall
into the ocean.

3.8.3  Existing Conditions

Proposed carrier aircraft operations on Andersen AFB would be limited to existing airfield apron,
taxiway, and runway areas consisting of concrete. These areas do not contain any surface water features
and are not near a floodplain or wetlands. Andersen AFB overlies the Northern Guam Lens Aquifer
(NGLA), which is a U.S. Environmental Protection Agency (USEPA)-designated sole source aquifer. The
NGLA is the limestone bedrock that underlies the entire northern half of Guam and contains a large and
permanent body of fresh groundwater (Water and Environmental Research Institute of the Western
Pacific and Island Research & Education Initiative 2020).

The Guam Environmental Protection Agency assists in the administration of NPDES permits and reviews
and certifies the permit for compliance with all local regulations and policies and in accordance with the
Guam Water Quality Standards. Andersen AFB routes its g1-40S& -5l RIZOKIAS {2 Dizl-Y 03 b2ViK Sy
District Wastewater Treatment plant, which currently has an NPDES permit issued by the USEPA
pursuant to the CWA.

Guam is in a tropical environment that receives an estimated 100 inches of rainfall annually. As a result,
the island has unique stormwater discharge requirements. Andersen AFB is relatively flat, and heavy
precipitation generally flows by sheets into swales, then into sink holes or other depressions, where it
percolates into the ground or is channeled into stormwater wells. Dry injection wells that use the porous
limestone bedrock to assist in stormwater migration into the NGLA below are located throughout the
base. These injection wells are permitted and regulated by Guam Environmental Protection Agency
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through Underground Injection Control permits. A number of the wells are sampled twice a year to
ensure that water entering the wells meets drinking water standards (Navy 2010; Joint Guam Program
Office 2015).

The Stage 1 AHA overlies an area of the Pacific Ocean approximately 550 nm northeast of Guam where
ocean depths are approximately -20,000 ft.

3.8.4  Environmental Consequences

Impacts on surface waters would be significant if the action would 1) exceed water quality standards
established by federal, state, local, and tribal regulatory agencies; or 2) contaminate public drinking
water supply such that public health may be adversely affected.

Impacts on wetlands would be significant if the action would:

e Adversely affect I gSitl-yRia FazyOii2y {2 LN2(S00 (KS 1jdzl-fiie 20 ljozl-yihie 27 Y dzyi0iilt g1-iSN
supplies, including surface waters and sole source and other aquifers;

AAAAAAAAAA

AAAAA

thereby threatening public health, safety or welfare (the term welfare includes cultural,
recreational, and scientific resources or property important to the public);

o Adversely affect the maintenance of natural systems supporting wildlife and fish habitat or
economically important timber, food, or fiber resources of the affected or surrounding
wetlands;

e Promote development of secondary activities or services that would cause the circumstances
listed above to occur; or

e Beinconsistent with applicable State wetland strategies.

Impacts on groundwater would be significant if the action would 1) exceed groundwater quality
standards established by federal, state, local, and tribal regulatory agencies; or 2) contaminate an
aquifer used for public water supply such that public health may be adversely affected.

Impacts on floodplains would be significant if the action would cause notable adverse impacts on
natural and beneficial floodplain values. Natural and beneficial floodplain values are defined in
Paragraph 4.k of Department of Transportation Order 5650.2, Floodplain Management and Protection.

3.8.4.1 Proposed Action

Carrier Aircraft Operations at Andersen AFB

The Proposed Action does not involve construction activities that would potentially introduce non-point
source pollution at Andersen AFB. The potential impact of operations is negligible as the LauncherOne
propellants and pressurants are similar to those already in use at Andersen AFB with appropriate safety
and pollution control measures in place. Any accidental spills associated with pre- and post-flight
activities would be addressed by Andersen AFB emergency response procedures (refer to Section 3.9).
Therefore, implementation of the Proposed Action would not have significant impacts on water
resources on Andersen AFB.
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Carrier Aircraft Operations at Andersen AFB

Under the Proposed Action, a maximum of 10 takeoffs and landings would occur at Andersen AFB in any
one year during the 5-year operating period. The other 4 years would see <9 takeoffs and landings at
Andersen AFB not exceeding 25 operations across 5 years. The additional 10 flight operations per year
would represent a very small increase over the baseline air traffic (23,691 operations) and it is unlikely
that these activities would contribute to the overall sound environment or be noticeably different than
the current sound environment at Andersen AFB. Therefore, noise associated with proposed take off
and landings of the carrier aircraft under the Proposed Action would not result in significant impacts to
wildlife species on and in the vicinity of Andersen AFB. In addition, in accordance with ESA section 7, the
FAA has determined that the Proposed Action would have no effect on ESA-listed terrestrial species on
Andersen AFB (i.e., green turtle, Mariana fruit bat, Guam tree snail, and Mariana eight-spot butterfly).

LauncherOne Rocket Operations

Sonic Booms

Impulse sounds may include a sonic boom from the LauncherOne rocket. NMFS uses conservative
thresholds of received sound pressure levels from broad band sounds that may cause behavioral
disturbance and injury (NMFS 2018). These conservative thresholds are applied in both MMPA permits
and ESA section 7 consultations for marine mammals to evaluate the potential for sound effects. The
criterion levels discussed here are specific to the levels of harassment as defined under the MMPA. Level
A criteria for in-water permanent threshold shift (PTS) (injury) to marine mammals, excluding tactical
sonar and explosives, range from 173 dB cumulative sound exposure level (SELcym) to 219 dB SELcum,
depending on the marine mammal hearing group. Level B criterion for in-water for behavioral disruption
for impulsive noise is 160 dB root mean square reference 1 micropascal (160 dBims re 1 pPa) (NMFS
2018). The proposed project activities were evaluated using the above acoustic thresholds. In the ESA
context, these thresholds are informative as the thresholds at which we might expect either behavioral
changes or physical injury to an animal to occur, but the actual anticipated effects would be the result of
the specific circumstances of the action (as further explained below).

It is likely that any noise associated with the sonic boom would transmit from the air to water and
propagate some distance in the water column. All of the boom pressure signals measured in Sohn et al.
(2000) experiment decayed to ambient levels in all frequency bands by 131-164 ft. A sonic boom at the
surface of 2 psf (2-4 times greater than the anticipated sonic boom from the proposed LauncherOne
activities; Figure 3.5-2) decayed to approximately 152 dB;ms re 1 uPa at a depth of 23 ft. By 72 ft, the
received level was approximately 140 dByms re 1 pPa and at 121 ft, it was equal to ambient noise levels.
All of these sound pressure levels are below the current NMFS threshold for potential permanent injury
for cetaceans (180 dBms re 1 pPa sound pressure level) and potential behavioral change or temporary
injury (160 dB:ms re 1 uPa sound pressure level). Although it was not possible to estimate the point at
which underwater sound pressure levels would equal or exceed 160 dBms re 1 puPa, but it is estimated
this would likely occur at less than 23 ft which could be at or near the surface level of the water based
on the decay rate provided above at a depth of 23 ft.

The onset of physical injury to fish would be expected if the peak levels exceed 206 dB re 1 pPa (Stadler
and Woodbury 2009). The sonic boom associated with the LauncherOne operations would be
significantly less than 206 dB re 1 yPa in the water column.

Based on the estimated sound levels, the frequency with which the sonic booms may occur over the
course of a year, and the relative infrequency with which marine mammals (including ESA-listed marine
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Therefore, implementation of the Proposed Action and the impact of unspent RP-1 fuel and Stage 1 and
fairings debris in the Pacific Ocean would not significantly impact marine biological resources,
particularly marine mammals and ESA-listed sea turtles and fish species. In addition, the FAA has
determined that the Proposed Action may affect, but is not likely to adversely affect ESA-listed marine
mammal, sea turtle, and fish species beneath the LauncherOne flight trajectory. In accordance with ESA
section 7 consultation requirements, FAA has requested concurrence from NMFS on this effects
determination. The conclusion of the consultation will be provided in the Final EA.

3.10 Hazardous Materials, Solid Waste, and Pollution Prevention
3.10.1 Definition of Resource and Regulatory Setting

Hazardous materials, solid waste, and pollution prevention as an impact category includes an evaluation
of the following:

e Waste streams that would be generated by a project, potential for the wastes to impact
environmental resources, and the impacts on waste handling and disposal facilities that would
likely receive the wastes;

e Potential hazardous materials that could be used during operation of a project, and applicable
pollution prevention procedures;

e Potential to encounter existing hazardous materials at contaminated sites during construction,
operation, and decommissioning of a project; and

¢ Potential to interfere with any ongoing remediation of existing contaminated sites at the
proposed project site or in the immediate vicinity of a project site.

The terms hazardous material, hazardous waste, and hazardous substance are often used
interchangeably when used informally to refer to contaminants, industrial wastes, dangerous goods, and
petroleum products. Each of these terms, however, has a specific technical meaning based on the
relevant regulations.

Solid waste is defined by the implementing regulations of the Resource Conservation and Recovery Act
(RCRA) generally as any discarded material that meets specific regulatory requirements, and can include
such items as refuse and scrap metal, spent materials, chemical by-products, and sludge from industrial
and municipal waste water and water treatment plants.

Hazardous waste is a type of solid waste defined under the implementing regulations of RCRA. A
hazardous waste is a solid waste that possesses at least one of the following four characteristics:
ignitibility, corrosivity, reactivity, or toxicity as defined in 40 CFR part 261 subpart C, or is listed in one of
four lists in 40 CFR part 261 subpart D, which contains a list of specific types of solid waste that the
USEPA has deemed hazardous. RCRA imposes stringent requirements on the handling, management,
and disposal of hazardous waste, especially in comparison to requirements for non-hazardous wastes.

Hazardous substance is a term broadly defined under Section 101(14) of the Comprehensive
Environmental Response, Compensation, and Liability Act (CERCLA). Hazardous substances include:

e any element, compound, mixture, solution, or substance designated as hazardous under Section
102 of CERCLA;

o any hazardous substance designated under Section 311(b)(2)(A) or any toxic pollutant listed
under Section 307(a) of the CWA,;

e any hazardous waste under Section 3001 of RCRA;
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e any hazardous air pollutant listed under Section 112 of the CAA; and
e any imminently hazardous chemical substance or mixture for which the US9t! KI-4 ail-{Sy 1-0li2y”
dryRSl¢ {S0ii2y T 27 (KS ¢2E10 {t:0stances Control Act.

Hazardous material is any substance or material that has been determined to be capable of posing an
unreasonable risk to health, safety, and property when transported in commerce. The term hazardous
materials includes both hazardous wastes and hazardous substances, as well as petroleum and natural
gas substances and materials (see 49 CFR § 172.101).

Pollution prevention describes methods used to avoid, prevent, or reduce pollutant discharges or
emissions through strategies such as using fewer toxic inputs, redesigning products, altering
manufacturing and maintenance processes, and conserving energy.

EO 13834, Efficient Federal Operations, aiil-iSa (KI-i 1-3Sy01Sa Y dzai 02 Y Lite ik CSRSNI 1-a &St -4 {il-iS!
interstate, and local requirements for management and disposal of nonhazardous solid waste and
hazardous waste. Agencies should pursue cost-effective waste prevention by first reducing overall waste
generated, while also pursuing strategies that reduce disposal fees and minimize environmental impacts
by diverting waste from treatment and disposal facilities, including landfill and incineration without
SySIi3e 1S020SlieeE

More information on hazardous materials, solid waste, and pollution prevention can be found in the FAA
Order 1050.1F Desk Reference (FAA 2020).

3.10.2 Study Area

The study areas include the existing airfield apron, taxiway, and runway areas of Andersen AFB and
associated airspace, and the ocean area under the Drop Point AHA and Stage 1 AHA where Stage 1 and
the fairings would fall into the ocean.

3.10.3 Existing Conditions

Routine operations at Department of Defense (DoD) installations require the storage, use, and handling
of a variety of hazardous materials. When discussed in this document, hazardous materials include
petroleum, oils, and lubricants (POL), cleaning agents, adhesives, and other products necessary to
perform essential functions. Bulk quantities of fuels and other POLs are stored and distributed in
aboveground storage tanks and underground storage tanks, pumps, and pipelines. Fueling operations to
support aircraft, vehicle operations, and emergency power generation require the storage of these bulk
quantities of this POL. These POL storage areas represent potential sources of leaks, releases, or spills.
The reference to POLs is intended to include various fuels such as gasoline, jet fuels, and diesel fuels;
kerosene; and a variety of oils and other lubricant products.

The 36 CES/CEV is responsible for overseeing the management of hazardous materials (and hazardous
waste) at Andersen AFB. Air Force Instruction (AFI) 32-7086, Hazardous Materials Management,
establishes procedures for the management of hazardous materials at all USAF installations. AFl 32-7086
incorporates the requirements of federal regulations, other AFIs, and DoD directives for reducing the
use of hazardous materials. Andersen AFB has a Hazardous Materials Management Plan pursuant to the
AFI designed to guide and instruct all USAF personnel involved in authorizing, procuring, using,
managing, or disposing of hazardous materials. This plan specifically addresses hazardous materials
management, transportation, spill/release control and containment, and clean up (Andersen AFB
2007Db).
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APPENDIX A:
Air Quality and Greenhouse Gas Emissions Calculations

This appendix provides the calculations and assumptions for calculating the air quality pollutant and
greenhouse gas (GHG) emissions from the proposed carrier aircraft and rocket operations.

B.1 Carrier Aircraft Emissions
Table B-1 provides the estimated emissions associated with the proposed carrier aircraft operations.

Table B-1. Carrier Aircraft Pollutant and GHG Emissions during LTOs and Cruise to/from

Drop Point
Power Setting | Time | Fuel Flow Emissions Indices (1b/1,000 lbs fuel)
Mode (%) (mins) | (Ibs/hr) | VOCs [ €O | NOx | SOz [ PM | COze
LANDING AND TAKE OFFS (LTOs)

Take Off 100 0.5 19,222 0.06 0.04 2494 | 1.06 | 0.07 3,233.9
Climb Out 85 3 15,738 0.06 0.05 19.72 | 1.06 | 0.06 3,233.9
Approach 30 4.7 5,159 0.13 2.61 1247 | 1.06 | 0.04 3,233.9
Idle 7 30 1,579 1.77 22.41 4.73 | 1.06 | 0.05 3,233.9
Emissions per LTO (Ibs) | 1.41 17.74 85.43 | 1.36 | 0.05 6,914.4

VOCs co NOx | SO: PM COze

(tons) | (tons) | (tons) | (tons) | (tons) (MT)

Emissions per LTO (tons and MT) | 0.001 0.009 0.043 | 0.001 | <0.001 3.1

CRUISE*
Power Setting | Speed | Distance | Time |Fuel Flow | Emissions Indices COze
Mode (%) (mph) | (miles) |(mins)| (Ibs/hr) (1bs/1,000 1bs fuel) (MT)
Cruise 94 678 372.6 32.9 24,000 3,233.9 19.3

Notes: CO = carbon monoxide; COe ¢ carbon dioxide equivalent; Ibs/hr = pounds per hour; mins = minutes; mph = miles per
hour; MT = metric tons; NOy = nitrous oxides; PM = particulate matter; SO = sulphur oxides; VOC = volatile organic
compounds.

*Assumptions:
Aircraft: Boeing 747-400; Engine: GE CF6-80C2B1F. Number of engines: 4 (but database emissions indexes are for 1

engine, so total amounts are multiplied by 4.
Cruise Distance Estimation:
75 nm (86.3 miles from Anderson AFB to Racetrack)
200-mile Racetrack (assume single circuit)
75 nm (86.3 miles from Racetrack to Anderson AFB)
Source: U.S. Air Force 2013. Air Emissions Guide for Air Force Mobile Sources: Methods for Estimating Emissions of Air
Pollutants for Mobile Sources at U.S. Air Force Installations. Air Force Civil Engineer Center, Compliance Technical
Support Branch, Lackland AFB, TX. January.

B.2 LauncherOne Rocket Emissions

As described in section D.1.1.5 (Federal Aviation Administration [FAA] 2009), rocket emissions were
calculated by multiplying the propellant-specific emissions weight fractions for each pollutant by the
amount of propellant used. The rocket is a liquid oxygen (LOX)/rocket propellant 1 (RP-1) (kerosene)
system comprised of a first stage with 29,215 pound mass (Ibm) of LOX and 13,279 Ibm of RP-1, and
second stage with 3,642 lbm of LOX and 1,683 Ibm of RP 1. As described in Section 2.1.3.3 (Post-Flight
Operations) of this EA, it is expected that all propellant would be consumed during each launch.
Therefore, the total weight of propellant was used in the multiplication against the emissions weight
fractions. Only CO- is expected to be generated from the use of RP-1/LOX, with no other COe
contributors (methane [CHa4] or nitrous oxide [N20]) expected to be generated by the use of RP-1/LOX
propellant (Table B-2).

Draft EA for Issuing a Launch Operator License to Virgin Orbit for ) October 2020
LauncherOne Operations from Andersen AFB



BN

o N v

10
11
12

13
14
15

FAA Office of Commercial Space Transportation Appendix A

Table B-2. LauncherOne Rocket GHG Emissions

Lbs of
Lbs Emitted/ Propellant Lbs/ Tons/ MT/
Pollutant Lb of Propellant Used Launch Launch Launch
co 0.2 47,819 9,563.8 4.8 4.3
CO: 0.49 47,819 23,431.3 11.7 10.6
H: 0.004 47,819 200.8 0.1 0.09
H20 0.3 47,819 14345.7 7.2 6.5

Assumptions: Exhibit D-7 from FAA (2009) was used for pounds emitted per pound of propellant (RP-1[Kerosene]/LOX).
While Exhibit D-6 (FAA 2009) lists propellant consumption by atmospheric layer, total propellant amounts
were taken from the project description (see Chapter 2 of this EA).

B.3 Total GHG Emissions from the Proposed Action

Table B-3 provides the total GHGs from proposed carrier aircraft and LauncherOne rocket operations
under the Proposed Action.

Table B-3. Total GHG Emissions under the Proposed Action

Event Stage GHG Emissions/Event
Carrier Aircraft LTO 3.1
Carrier Aircraft Cruise 19.3
LauncherOne Rocket 10.6
Total per Launch Event 33.0
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The values presented in Table A-1 are based on estimated marine mammal and sea turtle densities for
the Mariana Islands Training and Testing (MITT) Study Area and associated transit corridor (Navy 2018)
in support of the Public Draft Supplemental EIS/Overseas EIS (Navy 2019b). The MITT Study Area
extends 450 nm north of Guam, 250 nm east of Guam, and 300 nm south of Guam. The transit corridor
is located on the eastern edge of the MITT Study Area and is 300 nm south of the Stage 1 and Fairings
Re-entry AHA. These density estimates are the best available data regarding the occurrence of marine
mammals and sea turtles in the vicinity of the LauncherOne operations.

These calculations estimate the impact probability (P) and number of exposures (T) associated with
direct impact of the LauncherOne Stage 1 on marine animals on the sea surface within the Stage 1 and
Fairings Re-entry AHA. The statistical probability analysis is based on probability theory and modified
Venn diagrams with reQil-y3dtH ar220L0tyG¢ 1HIS1-4 720 (KS tyRIGIRazI IyRY 1010 FyR d201€ 1Y LI oo
inscribed inside the AHA (R). The analysis is over-predictive and conservative, in that it assumes: (1) that
all animals would be at or near the surface 100% of the time, when in fact, marine mammals spend the
majority of their time underwater, and (2) that the animals are stationary.

1 T SyAIKFSIRIKT GKSIS (KS lyRIGIRdzI€ 1YY 1H0d SiR(K 60NSI-R(KD 13 14302 SR (2 6S Haf> 27 1ia Sy3iK
for marine mammals and 112% of its length for sea turtles. A is multiplied by the estimated
number of animals N in the AHA (i.e., product of the highest average seasonal animal density
[D] and area of AHA [R]: Na = D*R) to obtain the total animal footprint area (A*N, = A*D*R) in
the AHA. As a conservative scenario, the total animal footprint area is calculated for the species
with the highest average seasonal density (pantropical spotted dolphins).

| = length*diameter of Stage 1 = impact footprint area.

The analysis is expected to provide an overestimation of the probability of a strike for the following
NSI-a2yaY omo 1 O1-€0dzE1-1Sd (KS Lv261-0Miie 27 4KS {i1-3S m Kilty3 I- 8ly3tS 1yRY I 1 1id aL1S01SE0 KIFK Sa
seasonal density, and (2) it does not take into account the possibility that an animal may not be at the
water surface.

The likelihood of an impact is calculated as the probability (P) that the animal footprint (A) and the
impact footprint (I) will intersect within the AHA (R). This is calculated as the area ratio A/R or I/R,
respectively. Note that A (referring to an individual animal footprint) and | (referring to the impact
footprint resulting from the Stage 1) are the relevant quantities used in the following calculations of
single-animal impact probability [P], which is then multiplied by the number of animals to obtain the
number of exposures (T). The probability that the animal in the AHA is within both types of footprints
(i.e., Aand I) depends on the degree of overlap of A and I. The probability that | overlaps A is calculated
by adding a buffer distance around A based on one-half of the impact area (i.e., 0.5*1), such that an
impact (center) occurring anywhere within the combined (overlapping) area would impact the animal.
Thus, if Li and W;are the length and width of the impact footprint such that Li*W; = 0.5*1 and Wi/L; =
L/Wa (i.e., similar geometry between the animal footprint and impact footprint), and if L, and W, are
the length and width (breadth) of the individual animal such that Ls*W, = A (= individual animal
footprint area), then, assuming a purely static, rectangular scenario, the total area Aot = (La + 2*Li)*(Wa+
2*W;), and the buffer area Anutrer = Atot  La*Wa. The static, rectangular impact assumes no additional
aerial coverage effects of the Stage 1 beyond the initial impact.

Impact probability P is the probability of impacting one animal by the Stage 1 occurring in the area per
year, and is given by the ratio of total area (Aw:) to AHA (R): P = Aw/R. Number of exposures is T = N*P =
N*Awt/R, where N = number of animals in the AHA per year (given as the product of the animal density
[D] and AHA size [R]). Thus, N = D*R and hence T = N*P = N*Awt/R = D*Atot.
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Using this procedure, P and T were calculated for the five species of ESA-listed marine mammals and the
non-ESA listed marine mammal species with the highest average month density (pantropical spotted
dolphin), and the sea turtle species with the highest average month density in the AHA (green sea
turtles). The potential number of individuals impacted/year are reported in Table A-2.

Table A-2. Estimated Representative Marine Mammal and Sea Turtle Exposures from a Potential
Direct Strike of LauncherOne Stage 1 in a Single Year

Est. Density Probability Est. No.
Species (ESA Status) (km?)* of Impact (T) | Impacts/Yeart
Humpback whale (Endangered) 0.00089 0.0000001 0.000001
Sei whale (Endangered) 0.00013 0.00000002 0.0000002
Fin whale (Endangered) 0.00006 0.00000001 0.0000001
Blue whale (Endangered) 0.00005 0.00000001 0.0000001
Sperm whale (Endangered) 0.00222 0.0000003 0.000003
Pantropical spotted dolphin 0.01132 0.0000002 0.000002
Green sea turtle (Endangered) 0.00039 0.000000005 0.00000005

Note! 1. 48R 2y(KS Y I-EIYdY 27 mn LIN2LI24SR tl-dry0KSE 1y I-y8 2yS 8SHi 27 (KS p-year operating
period; all other years would be <9 launches/year.

*Source: Navy 2018.
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